At present, because of the diversity of mobile devices and low bandwidth network, traditional internet application can not work efficiently on mobile devices. For example, it is very slow to download images from internet to a mobile phone. In order to overcome this problem, we propose a new method to design a wap application gateway based on embedded block coding with optimal truncation (EBCOT), which can modify images adaptively according to different types of mobile phones. Therefore we can quickly browse images with a mobile phone even in a low-bandwidth network.
INTRODUCTION
There is a steady increase in most of countries, especially China, for people to access the internet with a mobile device, such as a mobile phone. However, with not only the earliest general packet radio service (GPRS), but also the enhanced data rates for GSM evolution (EDGE), wireless application protocol (WAP) pages are displayed very slowly on mobile phones as a result of slow speed for downloading them from internet.
In order to overcome this problem, here we propose a new method to design a wap application gateway based on embedded block coding with optimal truncation (EBCOT), which can modify images adaptively according to different types of mobile phones. Experimental results show clearly that images are downloaded very quickly after using the proposed method.
WAP WORKING PRINCIPLE
WAP is composed of many components including the mobile termination, the network, the WAP gateway, the internet contents provider (ICP), and the internet service provider (ISP). WAP working model is shown in Figure 1 and the whole process using WAP is described as follows.
(1) Mobile phone user enters URL of WAP site, e.g., http://wap.sohu.com;
(2) Mobile phone converts URL to a request;
(3) Mobile phone sends the request to WAP gateway; (4) WAP gateway converts the request to a HTTP request. (5) WAP gateway sends the HTTP request to the internet; (6) WAP application server creates page in response to the request; (7) Page is sent back to the WAP gateway; (8) Mobile phone interprets the WML and the displays it.
WAP provides mobile phone users to access to the internet or web services through handheld devices. WAP gateway technology provides a solution to the growing demand for accessing to the internet with wireless mobile services throughout the world. WAP gateway acts as a bridge between the mobile devices and the internet and offers WAP services, such as encoding of the WML pages, end-user authentication system, and WML script compiling. In other words, WAP gateway acts as a proxy between wireless networks and the internet for encoding WAP data into byte codes. So the WAP gateway has a very heavy task. We assume here that adding a WAP application server beside the WAP gateway server may promote its efficiency.
EBCOT
EBCOT stands for embedded block coding with optimal truncation. In JPEG2000 the entropy coding of information is committed to the EBCOT algorithm introduced in 1998 by David Taubman. Every sub band can be partitioned into little blocks, which are called code-blocks. Every code-block can be codified independently to produce an elementary embedded bit-stream. The algorithm can find some points of optimal truncation in order to minimize the distortion and support its scalability.
EBCOT has the following advantages. (1) Multiple scalability: distortion, spatial and resolution scalability;
(2) Efficient compression: this results from independent optimal truncation of each code block bit stream; (3) Easy to achieve progressive transmission; (4) Local processing: independent processing of each code block allows for efficient parallel implementations as well as hardware implementations; (5) Do not need to do the sub-band bit allocation and quantization step, so it can simplify the implementation, enhance the speed; (6) Very suitable for compressed WAP page.
DESIGN SCHEME BASE ON EBCOT
When different mobile phones access the internet, WAP gateway detects the basic information of individual mobile phone, including the terminal model, supporting picture format, resolution, GPRS class, whether the phone supports EDGE or not, and so on. The common resolutions are quarter VGA (QVGA) (320 × 240, or 128 × 160, or 128 × 128) and VGA.
When mobile phone user enters URL of WAP site and access to the WAP gateway, WAP application server is intended to work with the image data. It can view and save images of different resolutions listed above. According to userdefined wireless level, the image files are compressed based on EBCOT and saved.
According to the different types of the resolutions and the graphics formats supported by different mobile phones, the images are generated and then sent back to the WAP gateway. Mobile phone gets the images from the WAP gateway and then interprets the WML to displays them. The improved WAP model is illustrated in Figure 2 .
The major task of the asymptotic transfer program is to select the most important information. It can reduce the distortion of greatest and most important information which often is transmitted first. In order to make a choice, we use the mean squared-error (MSE) to measure the distortion described as follows.
(1)
where P i, j and P i, j are the original image and the restored image, respectively. From (1) , it is obvious that if the image data can not be accurately transmitted
, from one side to the other, MSE is big. The information about the pixels is very important. The pixel with a high bit is more important than it with a low one and the transmission results of the pixel with a high bit is better than it with a low one. The number of the pixels in the image is N and the gray-scale range [0, L − 1]. The number of pixels, whose gray level is i(i ∈[0, L − 1]), is n i . Thus the probability of n i is:
where The gray-scale range [0, L − 1] can be divided into two parts, C 0 and C 1 , whose range are [0, T ] and [T + 1, L − 1], respectively, where T is a value set initially. The mean of the whole image can be defined as follows.
(3)
The means of C 0 and C 1 can be described as follows, respectively. T can selected 0 to L-1 and the smallest T value is the optimal threshold. Sub graph of the most high-frequency wavelet coefficient is almost zero, it can check for the whole 0.
As removing some of the details of wavelet transform has little effect on the quality of the reconstructed images. We can set threshold δ, if threshold ≤ δ after the wavelet transformed, we set value to 0. The use of wavelet transform and reconstruction of the image files are compressed.
If threshold > 0, using wavelet transform for image compression and reconstruction is a loss compression method, based on the actual needs of distortion in the image the extent permitted by selecting the appropriate threshold to determine the compression ratio.
According to the network which support the handheld devices, we adopt three kinds of compression schemes: the speed of priority, both moderate, the quality of priority, which are corresponding to GPRS, EDGE and 3G.
The experiments show that the difference between images is the smallest while following the selection of the compression ratio 113:1, 38:1, 14:1 corresponding to GPRS, EDGE, and 3G network. After the mobile phone sends request to WAP gateway, if the requested picture exist in the server, it can be downloaded directly to the mobile phone and then the whole process is ended; otherwise, according to the different network, it can select the acceleration scheme automatically, and then extract the data to download them optimally. The process model based on EBCOT is shown in Figure 3 . 
ANALYSIS OF EXPERIMENTAL RESULTS
In order to verify the effect of image transmission asymptotic, we carry out the software simulation. We use the images whose resolution is 320 × 240 to test the improved WAP model. The original resolution of the image is 800 × 600, and the size of it is 81.8 KB. We compress it to the resolution 320 × 240, and the size of the compressed image is 44.9 KB. The compressed image is shown in Figure 4 .
We can use different network optimizations to compressed image. Figure 5 shows the compressed image by using the "quality first" filter, the compression ratio of which is 14.1:1. The size of the image is 16 KB. Figure 6 shows the compressed image by using the "both moderate" filter, the compression ratio of which is 38:1. The size of the image is 6 KB. Figure 7 shows the compressed image by using the "speed priority" filter, the compression ratio of which is 113:1. The size of the image is 2 KB.
The results of the three types of screening programs to accelerate the transmission of images are shown in Table 1 .
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CONCLUSIONS
The experimental results show that the wap downloading speed difference is very big before accelerating which uses different mobile phone. When we use the proposed method to accelerate the application, the download speed has been greatly improved, and the difference of the speed under different networks is small. Although we may lose some of the image quality, the speed is improved significantly. Therefore we are sure that our method is very useful especially before the widespread use of the 3G network.
